I. E-BAND POWER AMPLI FER
We have already reported on the capabilities of this technology for power amplifier at E-band frequencies around 71-76 OHz [2] . The configuration of the power amplifier shown in figure 2 is based on a driver stage and a power stage. Both the driver and the power stage consist of two thermally stable power cells of each 4x 1.5x l Ourrr' HBT devices. The stability has been checked with transient simulations, especially exciting an odd-mode signal. The circuit was initially sensitive to odd-mode excitation between the two driver stages, which was eliminated using an odd mode resistor in the driver stage. I.
INTROD UCTION
Millimeter-wave technology is important for emerging multi Gigabit/s networks such as E-band wireless communication. These high-capacity networks are believed to partly substitute optical fiber based network in the near future. In this paper, we show advanced MMIC's using InP DHBT technology. Our main motivation is the high breakdown voltage of the InP DHBT technology at mm-wave frequencies especially important for power amplifiers. This is illustrated in Figure 1 which compares SiOe HBT, InP HEMT , and InP HBT technologies, respectively. As can be depicted from the figure, cut-off frequencies of InP HBT and HEMT devices reach similar values on individual transistor level. However, HEMT based MMIC at high frequencies are much more mature. This phenomenon can be attributed to the fact that most HBT based circuits at these frequencies have been designed with digital applications in mind, whereas HEMT technologies have been successfully employed in mm-wave front-end circuits for years.
The technology employed in this paper has been developed at the II1-Y Lab in Marcoussis, France and has been successfully applied to optical communication circuits. The InP DHBT devices in this mature circuit oriented technology exhibits cut-off frequencies of 2000Hz with breakdown voltages of 7Y (1]. Besides power amplifiers other mm-wave front-end circuits such as YCOs, frequency multipliers, and sub-harmonic mixers can equally well be implemented in InP DHBT technology. Here, we present a series of MMIC designs aimed at the realization of a full mm-wave front-end. Though our focus is on development of a chip-set for emerging E-band wireless communication some Q-band MMICs are also presented in this paper. The design principles employed for these circuits, however, are easily frequency scaled to E-band frequencies.
Abstract-In this paper, we show advanced MMIC's using InP DHBT technology. In particular, we demonstrate front-end circuits covering a broad frequency range from Q-band to Eband. Realizations of power amplifiers, quadrature VCOs, and sub-harmonic mixers, are presented and experimental results are discussed. comparison between measured (symbols) and simulated (solid line) small-signal results of the E-band power amplifier.
Small-signal measurements are shown in Figure 3 . One can depict that the performance is shifted towards higher frequencies , probably due to inaccurate determination of the matching line length. The power amplifier has been predicted to deliver 20 dBm linear output power fulfilling the stringent E-band specifications. Currently, the circuit is being characterized in terms of power. Lower output power than predicted from circuit simulations is expected due to the reduced gain.
III. QUADRATURE VCO
A quadrature VCO with record high frequency of oscillation has been reported in [3] . It is based on crosscoupled pairs of oscillators with buffer stages as shown in figure 4 . Care has been taken to avoid parasitic oscillations of the buffer transistors. This topology has the advantage of creating a balanced quadrature signal suitable for direct excitation of an E-band sub-harmonic mixer of the stacked Gilbert cell topology if sufficient power level is obtained. 
IV. Q-BAND SUB-HARMONIC MIXER
At mm-wave frequencies sub-harmonic mixers offer the advantage of lower La frequency and natural isolation for the input La signal. Most of the sub-harmonic mixers today are based on diodes and only limited number of mixer realizations have been published using HBT based technologies. We have already reported on an excellent Q-band sub-harmonic mixer exhibiting conversion gain of G conv = 10 dB with an input La -2.2 -1.8 -1.4
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Figure 5: Quadrature VCO for an E-band sub-harmonic mixer. Top: microphotograph; Bottom: output power and operating frequency versus tuning voltage.
As shown in figure 5, the measured output power is around -15 dBm across a frequency range of 38 -48 GHz, yielding a frequency tuning sensitivity of around 8 GHz/V. The power consumption is 120 -172 mW for the quadrature YCO including the buffers. The high sensitivity gives rise to a fairly large phase-noise contribution. This sensitivity can be decreased by controlling the current at the current sources of the switching stages. The highest frequency is limited by interconnect parasitics and can in principle reach beyond Qband frequencies for this topology.
power level of Pio = I mW [4] . Here, we present a novel balanced Q-band sub-harmonic mixer with miniature Marchand balun. The microphotograph of the fabricated Q-band subharmonic mixer with miniature Marchand balun is shown in figure 7 . Figure 8 shows the measured conversion gain versus RF frequency. A conversion loss of only 2.1 dB at an RF frequency of 41 GHz is demonstrated with an associated La power level of 5 dBm. The DC power consumption of the subharmonic mixer is as low as 22.5mW under normal operation. The La-IF isolation is > 45 dB across a frequency span from 33 -50 GHz. We believe this is owing to the excellent performance of the Marchand balun employed in the circuit. This is furthermore verified by measurements on the miniature Marchand balun as a stand-alone test structure. E-band subharmonic mixers based on the same topology have also been realized and are currently being tested. Experimental results should be available at the time of the conference. V. CONCLUSIO NS In summary , we have demonstrated a number of MMIC realisations for the Q-band and E-band which show the promising properties of InP HBT technology. The circuits demonstrated take full advantage of the HBT technology and indicate that InP HBT technology provides a good alternative for high breakdown voltage high performance MMIC at mmwave frequencies .
